Introduction

Fhe Ninth Intermational Vars Seciety: Convention,
sponsered By NASA, Was heldiin Washingten DE

AUgUst 3-6, 2006.

Overr 400 people attended. Speakers includea

NASA Administrator Mike Griffin, NASA Associate
Administrator for Exploration Scott Horowitz,
NASA Associate Administrator for Legislative
Affairs Brian Chase, in addition to the
presentation by CVMR®, which follows:




CVMR

Chiemical \apeur Metal Refiningiine.
Jioronto, Ontario, Canada

Presentation to tine: Ninth lnternatienal Viars Seciety Convention

\Washingten, DC
Algust 4, 2006




Presentation
Agenda

Intreduction ter CVVIR and Chemical Vapou;
Refining Precess.

Preduction off net shapes: directly: fiem ore.
Description; of self=contained UnRit.

Descliption ofi demonstration R Using Iren
uitanium exide: as feed material.

Selective applicatiens. Production) eff plates,
tubes ete.

Application te other metals.
Conclusions.




Company: & Precess History

Chemical'\Vapeur MetalfRefining Inc. (CVMR)
lieronto Plant estanlished in 1986
Deliverny oft Unigue: Products

\Vietallurgical Preauction Systems
R&Doer C\VD

CVIVIR Mission'Is; te he

“igla Worlel lezielar o) elaet e arleitel|tife)/ o)
extiraClion; reliniineranc depesiien eifmetalsrans
10 generater aeyvendust/ average eliiis en
IAVEStMERLS.*




Company. & Process IHistory

CVIVIR® (Chemicali\/apour: Metal Refining Iine.) Isia
prvately-held; multinatienall corporation - Head Office 1
Jjerente), Canada.

Supsidiaries nithe United States, Germany,, PRilippInes,
China, Singapere and Vialaysie.

Specializesiin developing|technolegies for extraction,
Separation; refnimg and ferming| ofi metals, vasedion
propretany: vapour metalltrgy: processes.

22 seminal patents and 40irelated patents Lo date.




CV MR Business

[Designing, engineeringland burldingl el metal refineries
ICIcensing|its technelogies

IMIIRIng

[Developing new seurces; ofi metal supplies

\Vietal refining
RESeareh & Development
IVianuiiactlring metal pewaders, feams and net Shapes




Achievements

NUMERGUS pPatents: Process & efining vase metals &
RPGIVIS

EqUIpmMENL: enancing existing refining process
REfnEries oifVanous sizes: modular & traditienal
INICkel ereproperties: Philippines; Indenesia, Malaysia and

New: Caledoenia (UnCernegetiation):

Preduction fiacilities: Refining plant inrCnina, Depesition
plant 1n Germany, R&IDrcenteriniCanada: 4 pilot plants
Including full scale 1 t/day’ priot plant (2 base metals; 2
PGIMVs), lal testing facilities, 5 CVID: plants.




Introduction to CVMR Process

IBaSICI PrOcess 0eveloped at therlveginning of the: 201h
Centuny.

INew imere: than 20%; el World annuaifnickel outputiIs
producediy means of carpenyii technoelogy:

Carpenylitechnology: IS based on e ability of nickel,
0N, copalt; ete. torfermivelatile metal camonyi
COMPOUNAS;

CVIVIR has| developed state-of-the-art techinelegies
nased on thirs 100-year old chemistry.




Intreduction tor Chemical Vapour MVetal

Refinng PreCess.
Eer Refining|and [Deposition

s 2 ngredients: Impure metall + Process gasi= Ivietal
volatile;compound

s [Decompese terpure: Vietal prodlcts + Process gas
(recycled)

x Products: Ivietal shapes; pewders, foams or metal
compoeunds / alloys




Chemical Vapeur Deposition Process
e.g. lron

(Iron CVMR Process)
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Seli-Contained CV D System Design




Self-Contained CV D Systemi Design

Deposition chamber
Process controls

and electrics Scrubbers Double

Lﬁ;

containement
- enclosure
Operator's 2
monitor | _ j
g

Air-tight access to Activated nickel Inert gas and carbon
deposition chamber powder cylinders - monoxide supplies

Self-contained CVD system




System autemation.

CVMR's metal refining and production plants provided
With DESF andl requiing ne manual interface with: plants:
GPEratiens:

A self=contained unit Is fully’ avtomated.

All stagesi ol the operation: Inclliding| feed preparation,
metal extraction’ andl depoesition cycles are pre-
pregrammed and runrautematically.

he only time a unit needs attention| Is durng| tne
product removall andl feed matenal inpui.

Eeedimaterialloading can be a ContinuoUs Process
similar ter metal refining plants.

The final preduct output can e designed oni a batchi or
continuous basis.




Example ofi a Typical run

Iren extraction fremi lren Titaniun Oxide and
pPreductien off the iren and titanitn Ret Shapes.

[rren Titanium: exide s reduced Wit
ydregen te preduce: Iren metal and
Tiianituny Oxide mixture:

n FeTI0s + H2 = Fe + T102 + H20

[1enI IS extiiacted from mixture By reacting
With' carben monexide ter produce: Iron
Carenyi:

s Fe + 5C0 (gas) = Ee(CO)s5 (gas)




A Tiypical run (cont.).

lren Careonyl IS decomposed: by heat inte: Iren
et shiape and CO. Caron menexide Is recycled.

s Fe(C0O)s = Ee + 5C0

Remaining titanium; exide s  reduced 1oy
Aluminumiand cenverted to taniun lodide.
m 3TIO2 + 4AllI3 = 3Tila + 2A1203

tanium: lodideris decomposed by eat into
tanium net shape and ledine. lledine Is

fecycled.
= Tila = Ti + 2I2




Selected net shapes.

/,jxﬂmé!f: of neiihapeéfmuulds made by the CVD process




Selected net shapes (cont.).




Application te ether metals.

Ien;, Nickel, Cobalt;, Moelyndentm: and

Tungsten are being| refined using carhenyl
PrOCESS.

tanium:and Zirconiun refined tsing
I0dINE Process.

Platinumy, Palladitim;, Raeditm, lhditn,
RAenium. are refined uUsing the same
ArECESS Ut different: chemistry.




Conclusions.

INet shapes, suchi as metal tules; metal plates and metal
structures cani be produced directly frem extraterrestrial
fieed materal using MetalfVapoul Refining Process, oy
remote contrel, to construct facilities; i situ.

Process gases willtbe recycled or produced from
extraterrestriall Sources.

Oxyageni and \Water will e the: by-products of the CVNR
PlOCESS.

he precess can be used 1o utilize available reseurcess on
the Moeon, Mars; NEA.

It IS pessible te extract high value metals such as PGM's
fer use in situl or shipment to: Earth.






